INTRODUCTION

I
ntrastromal corneal ring segments (ICRS) are an efficacious alternative in patients with clear corneas who have unsatisfactory corrected visual acuity with glasses or contact lens and contact lens intolerance [1] [2] [3] [4] [5] . It acts according to
Barraquer's postulate which states that tissue addition in corneal periphery leads to corneal flattening. The ring diameter (optical zone) determines how much the cornea will be flattened. The thicker and smaller the optical zone of the implanted segment, the more flattening effect and myopic reduction is achieved [6] [7] [8] .
The main advantages of this procedure are its safety, reversibility, and stability, as well as the fact that the segments do not affect the visual axis [9] [10] .
There are different models of ICRS with varying sizes and arc thicknesses. Theoretically, a shorter segment induces a greater astigmatic correction and induces lesser asphericity change, comparing with long arch segments. The new model presents a short arc length of 140 degrees (140-ICRS) with the main advantage of astigmatism reduction. The primary indication is in keratoconus patients with high astigmatism [11] [12] . The intrastromal tunnel for ring implantation was initially manually constructed; however, complications such as epithelial defects, depth asymmetry and perforation, were reported [13] . Femtosecond laser has recently been used to create the tunnel for ring implantation. This technique reportedly creates a tunnel with precise depth, width and location leading to faster visual recovery and less incidence of surgical complications [14] [15] . The main purpose of this study is to evaluate the clinical results of the implantation of 140-ICRS regarding its efficacy and capacity of corneal astigmatism reduction. Moreover we compared the clinical outcomes of patients implanted with the Ferrara 140-ICRS using the manual and femtosecond laser assisted technique.
SUBJECTS AND METHODS
This retrospective study included keratoconus eyes with high astigmatism that were intolerant to contact lens or disease progression and presented visual acuity worse than 0.2 logMAR (20/30). An informed consent was given to all eligible patients prior to data collection, requesting permission for the research and use of data from their medical records relating to the pre and postoperative periods. All bioethical principles were considered in accordance with the Declaration of Helsinki and Brazilian regulations. The same surgeon (Paulo Ferrara) performed all surgical procedures using the manual or femtosecond laser-assisted technique for ICRS implantation. Both techniques have been widely described in the literature [2, 5, [13] [14] [15] . Patients were randomized to receive a manual or laser-assisted surgical technique.
The corneal depth of ICRS were 80% for all cases (manual and laser). In the manual technique, the surgery was performed under topical anesthesia, and the visual axis is marked; a 5-mm optical zone and incision side were aligned with the desired axis in which the incision would be made, in the steepest axis. The diamond blade was set at 80% of corneal depth at the incision site. After the incison, a stromal spreader creates a pocket on each side of the incision. Two semi-circular dissecting spatulas were consecutively inserted through the incision and gently pushed with some quick rotary back and forth movements. Following channel creation, the ring segments were implanted. Using the femtosecond laser, LDV Z4 (Ziemer, Switzerland), tunnel depth is set at 80% of the thinnest corneal thickness within the probable ring track. The channel's inner diameter is set to 4.4 mm, the outer diameter 5.6 mm and the entry cut thickness was 1 μm (at the steepest topographic axis). The ring energy used for channel creation is 1.3 mJ. The femtosecond laser takes approximately 15s to create the channel. The segments are implanted immediately after channel creation before the disappearing of the bubbles, which reveals the exact tunnel location. The segments were placed in the final position with a Sinskey hook through a dialing hole at both ends of the segment [14] [15] [16] . According to the Ferrara Ring nomogram, for 140-ICRS, the selection of the thickness of the segment to be implanted varies with the preoperative tomographic astigmatism. For asymmetric keratoconus a single segment was implanted and for symmetrical keratoconus 2 segments were implanted. Asymmetry means that, by dividing the cornea into two halves from the more curved meridian considering the anterior sagittal map of the pentacam, asymmetric corneas are those that the halves are unequal, and symmetrical corneas are those that the halves are very similar. Descriptive analysis such as age, sex, technique and followup was collected for all patients. Statistical analysis included preoperative and postoperative, corrected distance visual acuity (CDVA), refractive astigmatism, tomographic astigmatism, keratometry simulated (K) readings, mean flattest axis (K1), mean steepest axis (K2) and asphericity. Corneal tomography and pachymetry were obtained using the software included within the Pentacam rotation Scheimpflug camera (Oculus Pentacam, Wetzlar, Germany). Statistical analysis was carried out using the Minitab software (Minitab Inc., Chicago, USA).
Analysis of Astigmatism
The astigmatism results were analyzed arithmetically (nonvector analysis) and using vector analysis when concerning the cylindrical axis. Although observed changes in cylinders were commonly reported, they do not accurately reflect the actual nature of the change in the cylinder. The magnitude and axis of the cylinder are related to the spherical power. The vector analysis used for calculating surgically induced astigmatism change was a Doubled-Angle polar plot. Due to astigmatism traverses an entire cycle in 180 degrees, the doubled-angle polar plot was described as the most appropriate plot for aggregating astigmatism data. In this method, the centroid is the mean of a set of x and y values. The standard deviation can be represented in a graphic by an area surrounding the centroid. The shape of this area will vary depending on the length of the major and minor axis. The shape factor (ρ) has been used to describe this relationship [17] . (Table 1) . Last follow up, 12.2% of patients maintained the same CDVA, 13.7% of patients had the CDVA worsened, and 74.1% of patients had improvement in CDVA. The improved average Mean steepest axis; Km: Average keratometry. [18] about correction of astigmatism with short arch segments showed a significant correction of low to moderate compound myopic astigmatism safely and predictably. However, the study evaluated healthy astigmatic corneas, not eyes with keratoconus. In our study, we analyzed corneas with ectasia and demonstrated proper correction of tomographic astigmatism with short arc length (140°) ICRS. These segments may provide a useful alternative for the surgical correction of astigmatism in corneal ectasia. Many studies have confirmed the efficacy and safety of the ICRS in reducing sphero cylindrical error and corneal steepening in keratoconus over the short and long term [3] [4] , but most do not analyze astigmatism as a vector. They evaluate changes in the magnitude of astigmatism only. However, it is important to investigate variations in the axis of the cylinder and to determine whether the astigmatic correction was induced in the targeted meridian. Errors in the correction of the astigmatic axis could induce aberrations and lead to poor predictability of the sphero cylindrical correction. Our study demonstrated changes in astigmatism after ICRS implantation in patients with keratoconus using vectorial analysis [19] and showed that despite the reduction of the magnitude of corneal astigmatism, not always the corrected meridian was the planned, with a tendency for undercorrection, especially in corneas with higher astigmatism. The importance of the vector analysis of astigmatism is to avoid incorrect or incomplete conclusions. The use of femtosecond laser as a safe and accurate method for the creation of the intrastromal tunnel was recently proposed [14] [15] . Studies comparing the manual technique with femtosecond technique found that there was no differences between the improve in visual acuity and decrese in keratectomy comparing both techniques, but the incidence of peroperative complications is less in femtosecond technique [15] . Thus, the use of femtosecond laser may not provide better outcomes, but rather an easier and more reproducible technique for the surgeon. In this study, we did not find significant improvements in the results when comparing the manual technique with the femtosecond laser technique, considering an experienced surgeon.
Statistical Analysis
A new intrastromal corneal ring with 140-degree arc in corneal ectasia
In conclusion, there was a significant improvement of all parameters analyzed. The short arc intrastromal corneal ring segments seem to be a valuable treatment, which can provide satisfactory visual outcomes [20] . A few potential limitations were apparent in this study as the small sample of treated eyes and the lack of a comparative group. Future larger, comparative studies are needed to confirm the results found in this study.
